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Social phobia has been associated with an attentional bias for angry faces. This

study aimed at further characterising this attentional bias by investigating reaction

times, heart rates, and ERPs while social phobics, spider phobics, and controls

identified either the colour or the emotional quality of angry, happy, or neutral

schematic faces. The emotional expression of angry faces did not interfere with the

processing of their colour in social phobics, and heart rate, N170 amplitude and

parietal late positive potentials (LPPs) of these subjects were also no different from

those of non phobic subjects. However, social phobics showed generally larger P1

amplitudes than non phobic controls with spider phobic subjects in between. No

general threat advantage for angry faces was found. All groups identified neutral

schematic faces faster and showed larger late positive amplitudes to neutral than to

emotional faces. Furthermore, in all groups the N170 was modulated by the

emotional quality of faces. This effect was most pronounced in the emotion

identification task.

With a life-time prevalence rate of about 13% (see Furmark, 2002;

Westenberg, & Liebowitz, 2004, for reviews), social phobia is one of the

most frequent phobic disorders. Individuals with social phobia fear

embarrassment, humiliation, or negative evaluation in social interaction

and performance situations. Approval or disapproval is most directly

signalled by facial expressions. For example, during dyadic interaction the

display of anger in the face of one of the interaction partners is a common
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signal for the opposite that he/she has violated social rules or social

expectations (compare Averill, 1982).

Cognitive models of anxiety (e.g., Eysenck, 1997; Rapee & Heimberg, 1997;

Williams, Mark, Watts, MacLeod, & Mathews, 1997) have suggested that

anxious subjects selectively attend to threat cues: individuals with social

phobia carefully monitor the facial expressions of others for signs of negative

evaluation, disapproval, or rejection, and rapidly detect such faces in the social
environment of subjects (attentional bias). Furthermore, social phobics have

difficulty in disengaging attention from such faces (Rapee & Heimberg, 1997).

A common paradigm for the study of attentional biases in anxiety disorders

is the emotional Stroop paradigm (MacLeod, 1991; Wells & Matthews, 1994;

Williams, Mathews, & MacLeod, 1996). In this paradigm, the colour of words

or pictures varying in personal emotional significance has to be identified

either verbally or by pushing a button. The phenomenon that threatening

stimulus attributes impair the processing of non-threatening stimulus char-
acteristics has been called emotional interference. The difference in colour-

naming latencies between fear-related and neutral stimuli*the emotional

Stroop effect*provides a measure of the attentional bias. Several studies

reported emotional Stroop interference in patients with social phobia when

colour-naming social threat words (Becker, Rinck, Margraf, & Roth, 2001;

Hope, Rapee, Heimberg, & Dombeck, 1990; Lundh & Öst, 1996; Maidenberg,

Chen, Craske, Bohn, & Bystritsky, 1996; Mattia, Heimberg, & Hope, 1993;

Spector, Pecknold, & Libman, 2003).
Since detecting threatening faces and responding appropriately to them in

terms of either attacking the conspecific or presenting signals and actions of

submissiveness was critical for survival during evolution, several authors

have suggested that angry faces may represent phylogenetic, generic signals

of threat. Therefore, threatening faces may be fear-relevant not only for

individuals with social phobia but for all humans (Öhman, 1986, 1993).

According to this suggestion, threatening faces should be detected more

rapidly and more efficiently than neutral stimuli or stimuli whose threaten-
ing qualities are of ontological origin (Öhman, Lundqvist, & Esteves, 2001).

In support of this theory, generalised social phobics and non-anxious

controls both detected angry faces faster than happy ones in a neutral crowd

in a face-in-the-crowd paradigm; however, the generalised social phobics

showed even faster reactions to angry faces than the controls (Gilboa-

Schechtman, Foa, & Amir, 1999).

Recent studies by Öhman and co-workers have further shown that threat

can also be induced by schematic faces depicting prototypical features of
threat (Lundqvist, Esteves, & Öhman, 1999, 2004; Esteves, & Öhman, 2004).

Using a visual search paradigm with schematic faces, Öhman et al. (2001)

demonstrated faster and more accurate detection of threatening than

friendly target faces. Similar results were obtained in a series of experiments
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with schematic faces by Fox, Lester, Russo, Bowles, Pichler, and

Dutton (2000): subjects were faster in detecting a discrepant angry face in

a neutral crowd than a happy face in a neutral crowd. Furthermore, when

the eyebrows were removed from the face, which resulted in ambiguous

faces, which could be interpreted as either sad or angry, a similar advantage

for angry/sad faces was observed. Finally, response latencies for angry/sad

target faces were less affected by the number of distractors in a display than
response latencies for happy target faces, suggesting a highly efficient search

for angry/sad faces but no ‘‘pop-out’’ effect.

From electrophysiological studies on brain responses to facial expres-

sions, one would expect that fear-relevant angry faces induce larger

amplitudes of early visual event-related potentials (ERPs) such as the

occipital P1 and the posterior occipito-temporal N170 in general and even

larger amplitudes of these potentials in social phobics. The P1 is known to

be attention-sensitive (see Mangun, 1995; Luck, Woodman, & Vogel, 2000,
for a reviews), and modulated by personal affective judgement of faces as

liked or disliked (Pizzagalli, Regard, & Lehmann, 1999). The N170 is

known to be a face-specific ERP component, elicited by human faces but

not by animal faces, human hands, cars, or furniture (Bentin, Allison,

Puce, Perez, & McCarthy, 1996). Source localisation studies implicated the

N170 to originate from posterior lateral temporal areas, possibly in the

inferior temporal gyrus (Schweinberger, Pickering, Jentzsch, Burton, &

Kaufmann, 2002; compare also Henson et al., 2003). The N170 has been
linked to late stages of structural encoding in which representations of

global face configurations are generated for subsequent face-recognition

processes (Eimer, 2000). Whereas some studies reported an emotional

modulation of the N170 (Caharel, Courtay, Bernard, Lalonde, &

Rebaı̈, 2005; Kolassa & Miltner, 2006; Pizzagalli, Lehmann, Koening,

Regard, & Pascual-Marqui, 2000), other studies did not find such an effect

(Eimer & Holmes, 2002; Eimer, Holmes, & McGlone, 2003; Holmes,

Vuilleumier, & Eimer, 2003; Schupp et al., 2000). However, in the latter
studies, facial emotion was either not task-relevant (Eimer et al., 2003;

Holmes et al., 2003; Schupp et al., 2000) or the facial expression was

presented outside of focal vision with subjects instructed to fixate on a

cross in the centre of a screen while one facial picture was presented

simultaneously at each outer area of the left and right area of the screen

(Eimer & Holmes, 2002). Thus, task differences might account for these

different findings. This interpretation is corroborated by the findings of

Kolassa and Miltner (2006), who observed a more pronounced emotional
modulation of the N170 when subjects’ task was to identify the emotion of

a facial expression rather than the depicted person’s gender.

In addition to early ERPs, studies exploring the processing of affective

stimuli repeatedly showed larger parietal late positive potentials (LPPs)
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when subjects were processing emotionally arousing (pleasant and unplea-

sant) stimuli as compared to neutral ones (Cuthbert, Schupp, Bradley,

Birbaumer, & Lang, 2000; Keil et al., 2002; Schupp et al., 2000; Schupp,

Junghöfer, Weike, & Hamm, 2003, 2004a; see also Straube & Miltner, 2006).

Thus, if angry faces are more arousing and unpleasant for individuals with

social phobia than for healthy controls, this should be reflected in enlarged

LPPs in response to angry faces.

Furthermore, distinct heart rate response patterns to affective stimuli of

varying intensity have been observed: In general, the heart rate decelerates

as stimuli become more arousing or aversive (e.g., see Lang, Bradley, &

Cuthbert, 1997), resembling the ‘‘fear bradycardia’’ widely observed in

animals (Campbell, Wood, & McBride, 1997). Codispoti, Bradley, and

Lang (2001) found a strong influence of emotionality on the orienting

response, with neutral pictures eliciting the weakest and unpleasant

pictures the strongest response, with pleasant pictures in between. With a

further increment in threat, the response changes from orienting to

defence, and the heart rate increases after a temporary cardiac deceleration

(e.g., Graham, 1979; Sokolov, 1966). Studies on individuals with specific

phobia found clear evidence for accelerated heart rates when phobic

individuals viewed pictures of their feared object (e.g., Fredrikson, 1981;

Globisch, Hamm, Esteves, & Öhman, 1999; Hare & Blevings, 1975).

However, so far no study has investigated heart rate reactions to angry

faces in social phobia.

This study investigated the attentional bias for angry faces in individuals

with social phobia by measuring reaction times, heart rates, and event-

related potentials in response to schematic emotional faces under two task

conditions: an emotional Stroop paradigm and an emotion identification

task. In the emotional Stroop task, subjects identified the colour of red- or

blue-coloured angry, happy, or neutral faces, whereas in the emotion

identification task subjects identified the emotional expressions of faces.

Participants were individuals with social phobia, individuals with spider

phobia as a clinical control group, and healthy control subjects. We expected

emotional Stroop interference, i.e., prolonged response latencies when social

phobic subjects were requested to identify the colour of angry faces

compared to happy or neutral faces. Furthermore, we hypothesised finding

a faster identification of angry faces than happy or neutral ones in all

groups, with an even faster identification of angry faces by social phobic

participants. Regarding ERPs and heart rates, enhanced decelerative

responses, larger N170 amplitude, and larger late parietal positive potentials

(LPPs) were expected in social phobics when processing angry schematic

faces as compared to non-phobic control subjects.
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METHODS

Pilot study

Fifty-five subjects (mean age 23 years, SD�3.28, age range 19�32 years) rated

the stimuli used in this study as to their affective valence and arousal with the

Self-Assessment Manikin Scale (SAM; Lang, 1980). Of these participants,

there were 18 individuals with social phobia (9 male, 9 female), 18 individuals

with spider phobia (7 male, 11 female), and 19 control subjects (10 male, 9

female). See Table 1 for valence and arousal ratings.

Valence ratings varied by facial emotion, F(2, 104)�135.85, p�.0005,

o�.87. All groups rated angry faces as most unpleasant, followed by neutral

faces, while happy faces received the most pleasant ratings, all psB.0005.

Valence ratings did not differ between groups, F(2, 52)�2.65, p�.08,

although there was a slight tendency of social phobic individuals to rate all

faces, and in particular angry faces, as more unpleasant than controls.
Arousal ratings also varied with the emotion of the depicted face,

F(2, 104)�56.0, p�.0005, o�.75. All groups rated angry faces as more

arousing than happy and neutral faces, both psB.0005. Group affected

arousal ratings, F(2, 52)�3.41, p�.04. Social phobic subjects showed

generally elevated arousal ratings compared to controls, p�.01, but not

compared to spider phobics. Groups marginally differed in their arousal

ratings of the different emotions as indicated by a barely significant

interaction of group�emotion, F(4, 104)�2.65, p�.055, o�.75. LSD

tests revealed higher arousal ratings for angry faces in individuals with social

phobia compared to controls, p�.005, but not compared to spider phobics.

TABLE 1
Mean valence and arousal ratings (M) and standard deviations (SD) for schematic

angry, happy, and neutral faces for each group

Rating Controls: M (SD) Social phobics: M (SD) Spider phobics: M (SD)

Valence

Angry 4.21 (1.23) 3.17 (0.86) 3.78 (0.94)

Happy 6.74 (1.24) 6.23 (1.22) 6.89 (1.49)

Neutral 5.50 (1.13) 5.31 (0.81) 5.56 (1.04)

Arousal

Angry 4.05 (1.75) 5.83 (2.04) 5.28 (1.74)

Happy 2.95 (1.18) 3.50 (1.50) 2.72 (1.36)

Neutral 2.84 (1.30) 3.75 (1.54) 3.42 (1.15)

Note. The SAM scale (Lang, 1980; Bradley & Lang, 1994) ranges from 1 to 9 with 1�‘‘highly

unpleasant/low arousing’’ and 9�‘‘highly pleasant/highly arousing’’.
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Subjects

Fifty-six subjects (mean age 23.2 years, SD�3.46, age range 19�32 years)

participated in the study: 19 social phobics (10 male, 9 female), 18 spider

phobics (9 male, 9 female), and 19 normal controls (10 male, 9 female).

Forty-four of the subjects also participated in the pilot study (13 controls, 17

social phobic individuals, 14 spider phobic individuals). Fifty-three partici-

pants were right-handed and three left-handed as measured by the

Edinburgh handedness questionnaire (Oldfield, 1971).

Subjects were recruited by newspaper advertisement and announcements

on campus bulletin boards. All participants provided informed consent and

the procedures were approved by the ethics committee of the University of

Jena. Participants were paid 6 euros per hour for participation. In addition,

individuals with social phobia were offered a 10-session group training of

social skills (Hinsch & Pfingsten, 2002), and spider-phobic subjects were

offered a one-day spider phobia therapy (Öst, 1989).

Participants were screened with the Structured Clinical Interview for

DSM-IV (SKID; Wittchen, Wunderlich, Gruschwitz, & Zaudig, 1997).

Controls were accepted for participation if they had no current or life-time

diagnosis of any major disorders according to DSM-IV (American

Psychiatric Association, 1994). Individuals with spider phobia and social

phobia were included if they fulfilled DSM-IV criteria for spider phobia or

social phobia, respectively. Fears of social phobics centred on situations

related to speaking in front of others, talking with strangers and authority

persons as well as performance situations. Participants completed German

versions of the Social Phobia and Anxiety Inventory (SPAI; Fydrich, 2002;

Turner, Beidel, Dancu, & Stanley, 1989), the Beck Depression Inventory

(BDI; Hautzinger, Bailer, Worall, & Keller, 1995), the State-Trait Anxiety

Inventory (STAI; Laux, Glanzmann, Schaffner, & Spielberger, 1981), and

the Spider Questionnaire (SPQ; Klorman, Weerts, Hastings, Melamed, &

Lang, 1974). See Table 2 for questionnaire values.

It is well known that depression and social phobia are highly comorbid

(Merikangas et al., 1996; Schneier, Johnson, Hornig, Liebowitz, &

Weissman, 1992; Stein et al., 2001). Although individuals with social phobia

scored on average higher on the BDI than the control groups, their scores

were not in the range of a clinically significant depression, M�9.42,

SD�7.09.

Paradigm

Schematic faces depicting angry, happy, and neutral facial expressions were

used in this study (see Figure 1). The stimuli varied with respect to the angle

of the eyebrows, the curvature of the mouth as well as the shape of the eyes.
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The experiment consisted of two blocks of 90 trials each, with a short

break between the blocks. In each block, 30 angry, 30 neutral, and 30 happy

faces were shown, in each case 15 drawn with red and 15 with blue lines on a

white background. Stimuli were shown for 1 second with a variable

interstimulus interval of 2�3 s. Subjects’ task was to identify in the first

block the colour of the presented face as quickly and as accurately as

possible (modified Stroop task), or in the second block the emotion of the

depicted face (emotion identification task). Subjects indicated their response

by pressing buttons on a button box with the index finger of their dominant

hand. In order to be able to respond without looking at the button box,

subjects performed a practice task before starting each block.

The presentation order of the two blocks as well as the assignment of

buttons was counterbalanced across subjects. The order of the stimuli in

each block was pseudorandomised: the same colour was only allowed up to

four times in a row, the same facial expression with identical colour up to

TABLE 2
Mean questionnaire values (M) and standard deviations (SD) for each group

Questionnaire

Control group:

M (SD)

Spider phobics:

M (SD)

Social phobics:

M (SD) One way ANOVA

SPQ 2.47 (1.78) 20.61 (2.66) 2.58 (1.95) F(2, 53)�430.97, pB.001*%

SPAI 33.53 (16.89) 44.41 (15.51) 126.81 (18.17) F(2, 53)�171.72, pB.001$%

BDI 2.68 (2.71) 4.94 (4.76) 9.42 (7.09) F(2, 53)�8.52, p�.001$%

STAI T 30.79 (5.92) 33.50 (8.05) 50.47 (6.61) F(2, 53)�45.27, pB.001*%

Notes: The German scores of the Social Phobia and Anxiety Inventory (SPAI) were transformed

into the original scores (Turner et al., 1989). STAI-T, State-Trait Anxiety Inventory Trait Version;

BDI, Beck Depression Inventory; SPQ, Spider Questionnaire.
*Control group is different than spider phobics (pB.005). $Control group is different than social

phobics (pB.05). %Spider phobics are different than social phobics (pB.05).

Figure 1. Schematic stimuli of happy, neutral, and angry faces. In the actual experiment, stimuli

were coloured red or blue.
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three times in a row, and the same facial expression with different colours up

to four times in a row.

Assessment and analysis of EEG

During the testing session, subjects sat in a comfortable chair in a sound-

attenuated room. Stimuli were presented on a 20-inch Sony monitor
(resolution 800�600) with the software ERTS (Experimental Runtime

System, Version 3.18, BeriSoft, Germany). EEG was recorded with 62 Ag/

AgCl-electrodes mounted in an Easy-Cap (Falk Minow Services, Germany)

according to the international 10�10 system (Chatrian, Lettici, &

Nelson, 1998) with additional non-standard electrodes (AF1, AF2, PO1,

PO3) at frontal and occipital sites spaced equally between the standard

electrodes. Cz served as a reference electrode, and a ground electrode was

placed on the forehead. Impedances of all electrodes were kept below 5 kV.
Vertical and horizontal electro-oculograms (VEOG and HEOG) were

measured for off-line correction of eye movements and blink artefacts.

Synamps amplifiers were used for EEG and EOG acquisition. All signals

were continuously sampled in AC-mode at a rate of 500 Hz (gain�1000,

low pass filter�70 Hz, high pass filter�0.05 Hz). Data acquisition was

performed with NEUROSCAN software (Acquire 4.1�1, Neurosoft, 1999).

The EEG raw data were filtered (low pass�30 Hz, 24 dB/oct, high

pass�0.1 Hz, 24 dB/oct, 50 Hz Notch), segmented (200 ms pre- to 1300 ms
post-stimulus), corrected for blinks and eye movements (Gratton, Coles, &

Donchin, 1983), and screened for artefacts using the software Brain Vision

Analyser 1.04 (Brain Products GmbH, Germany). Trials containing

artefacts (amplitude deviations of 9150 mV) were rejected. Artefact-free

EEG epochs were averaged for each subject, condition, and electrode. All

epochs were aligned to the 200 ms pre-stimulus baseline and were re-

referenced to an average reference. The data of 3 subjects (2 male controls, 1

male social phobic) had to be excluded because of severe occipito-parietal
alpha activity. The data of 2 additional subjects (1 male control, 1 male

social phobic) had to be excluded because no component structure for early

components (P1, N170) was visible. N170 peaks were detected on leads P7

and P8 (100�200 ms), and P1 amplitudes were detected on electrodes O1 and

O2 (50�100 ms). Two parietal late positive components were observed in the

time windows 320�360 and 450�550 ms, which is consistent with previous

studies that found multiple late positive components in response to

emotional stimuli (e.g., Johnston, Miller, & Burleson, 1986; Kolassa, Musial,
Mohr, Trippe, & Miltner, 2005; Kolassa, Musial, Kolassa, & Miltner, 2006;

Mini, Palomba, Angrilli, & Bravi, 1996). Since these positivities were rather

extended over long time epochs without a clear peak structure, mean

amplitudes were analysed within the time intervals 320�360 ms (P300) and
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450�550 ms (late positive potential, LPP) on electrodes P3, Pz, and P4. The

analysis of mean amplitudes is more conservative and reliable than the

detection of peaks.

Assessment and analysis of heart rate data

The electrocardiogram (ECG) was measured according to Wilson
et al. (1944) using DASYLab 5.0 (Datalog GmbH, Germany): two

precordial leads (Ag/AgCl-electrodes) were placed at V3 and V4, a reference

electrode (V3R) was placed at the corresponding right side of V3, and a

fourth ground electrode was attached to the right waist. To improve

impedances, electrode sites were cleaned with alcohol. The ECG was

amplified with a gain of 0.5 mV/V, high-pass filtered at 0.53 Hz, and low-

pass filtered at 30 Hz. Respiration was measured by an elastic belt

containing a piezoelectrical element, placed at the abdomen (male) or the
chest (female). Respiration data were amplified with a gain of 5 mV/V, high-

pass filtered at 10 Hz, and low-pass filtered at 1 Hz.

Heart rates were analysed with Brain Vision Analyser 1.04. By visual

inspection of the data it was assured that respiration was not stimulus-

locked. In this case, the influence of respiration on heart rate (respiratory

sinus arrhythmia) was reduced by averaging. Heart rates were determined by

R-wave detection and subsequent conversion into beats per minute (bpm) in

500 ms intervals between 500 ms pre- and 3000 ms post-stimulus. Heart rate
changes were computed by subtracting the 500 ms pre-stimulus baseline

from the post-stimulus heart rates. Averaging these heart rates per time

interval over stimuli is a well-established procedure (Graham, 1978).

Statistical analysis

For the analysis of response times, all trials were excluded in which no

reaction occurred, the response was wrong, or the reaction time was below
200 ms. A 3�2�3 repeated-measures ANOVA was conducted with the

between factor Group and the repeated-measures factors Task (colour vs.

emotion identification) and Emotion (angry, happy, neutral).

For the analysis of heart rates, a 3�2�3�6 repeated-measures ANOVA

was calculated with the between factor Group and the repeated-measures

factors Task, Emotion, and Time (in intervals of 500 ms). P300 and LPP

amplitudes were analysed by a 3�2�3�3 ANOVA with the between factor

Group and the repeated-measures factors Task (colour vs. emotion
identification), Emotion (angry, happy, neutral), and Laterality (left, central,

right). P100 and N170 amplitudes were analysed by ANOVAs with the

between factor Group and the repeated-measures factors Task, Emotion,

and Laterality (left, right).
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Greenhouse�Geisser (o) corrections for violations of sphericity were used

when appropriate (Greenhouse & Geisser, 1958). Significant effects in an

ANOVA were further analysed by simple-effects ANOVAs and least

significant difference (LSD) tests.

RESULTS

Reaction times

Groups did not differ with respect to response errors (omissions and

incorrect choices), Kruskal�Wallis x2(2, N�56)�1.43, p�.49. Overall,
subjects failed to respond in 2.7% of trials, and incorrect responses were

observed in 2.2% of trials.

Subjects identified the colour of a stimulus faster than the facial emotion,

main effect of Task,1 F(1, 53)�471.01, p�.0005. Neutral faces were

identified faster than emotional faces, main effect of Emotion, F(2, 106)�
6.45, p�.003, o�.97. Subsequent pairwise comparisons revealed faster

identification of neutral than happy, p�.002, and of neutral than angry

faces, p�.008. The influence of facial emotion on response latencies
depended on the performed task, Task�Emotion, F(2, 106)�6.46,

p�.002, o�.97. In the colour identification task, response latencies were

very similar for the three different emotions, whereas in the emotion

identification task, response latencies were faster for neutral than happy

faces, p�.001, and neutral than angry faces, p�.003 (see Figure 2). No

difference between social phobic individuals and the control groups were

observed regarding response latencies. However, as can be seen in Figure 2,

spider phobics seemed to respond generally faster than the other groups,
which was confirmed by a specific contrast, p�.02.

Heart rates

Groups did not differ in baseline heart rates (�500�0 ms), F(2, 53)�0.31,

p�.73. Heart rates showed a decelerative response pattern, main effect of

Time, F(5, 265)�43.64, p�.0005, o�.32 (see Figure 3). More pronounced

decelerations were observed in the emotion than in the colour identification
task, main effect of Task, F(1, 53)�9.91, p�.003, and interaction of

Time�Task, F(5, 265)�11.06, p�.0005, o�.51. The interactions Time�
Emotion, F(10, 530)�2.43, p�.055, o�.36, and Time�Task�Emotion�

1 It should be kept in mind that the colour identification task may have been easier and less

complex than the emotion identification task. Thus, any task effects in this and subsequent

dependent variables may reflect response differences rather than processing differences between

the tasks. However, comparing the two tasks is not the main focus of the present study.
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Group, F(20, 530)�1.91, p�.07, o�.36, failed significance. Thus, no

significant influence of emotion or group was observed (compare Figure 3).

Event related potentials

Analysis of P1. Phobic subjects showed larger P1 amplitudes than

controls, main effect of Group, F(2, 48)�4.64, p�.01. Subsequent LSD

tests showed that P1 amplitudes were larger in social phobic subjects than in

controls, p�.004, whereas the difference between controls and spider phobic

individuals failed significance, p�.12 (compare Figure 4).

Analysis of N170. N170 amplitude varied with facial emotion, main

effect of Emotion, F(2, 96)�34.90, p�.0005, o�.91 (see Figure 5). Angry

faces elicited the largest N170 amplitudes, followed by happy faces, and the

smallest N170 amplitudes were observed for neutral faces (all psB.0005).

Furthermore, the effect of emotion on N170 amplitudes varied by task,

Figure 2. Mean response latencies and SE for colour (left) and emotion (right) identification of

angry, happy, and neutral faces for each group.

Figure 3. Mean heart rate changes (and SE) in beats per minute (bpm) in time intervals of 500 ms in

response to angry, happy and neutral faces.
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Task�Emotion, F(2, 96)�5.82, p�.004, o�.99. Whereas in the colour

identification task larger N170 amplitudes were observed for angry than

neutral, p�.0005, and for happy than neutral faces, p�.01, but not for

angry than happy faces, in the emotion identification task, N170 amplitudes

Figure 4. Grand average ERPs on electrode O1 (left) and O2 (right) for controls, social phobics and

spider phobics.

Figure 5. Grand average ERPs to angry, happy, and neutral faces in the colour (upper row) and

emotion (lower row) identification task on electrode P7 (left) and P8 (right).
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were largest for angry faces, followed by happy, and then neutral faces (all

psB.0005).

N170 amplitude were marginally larger on the right than on the left

hemisphere, main effect of Laterality, F(1, 48)�3.29, p�.08. However, this

difference was only significant for angry faces, Laterality�Emotion,

F(2, 96)�5.08, p�.01, o�.89.

Analysis of P3. Mean P3 amplitudes were larger for colour than

emotion identification, main effect of Task, F(1, 48)�14.73, p�.0005 (see

Figure 6). Furthermore, P3 was largest over central electrode sites, main

effect of Laterality, F(2, 96)�30.49, p�.0005, o�.87. Subsequent pairwise

comparisons showed that amplitudes were larger over central than over left

or right sites, both ps�.0005, with a larger right than left hemispheric

positivity, p�.007. A significant interaction of Emotion�Laterality,

F(4, 192)�2.77, p�.04, o�.79, was observed. P3 was larger for angry

than for neutral faces over the left hemisphere, p�.007. Neither in the

emotion nor in the colour identification task did individuals with social

phobia show larger P3 amplitudes in response to angry faces.

Analysis of LPP. A larger positivity in the 450�550 ms range was

observed for emotion than for colour identification, main effect of Task,

F(1, 48)�52.35, p�.0005. LPP was influenced by emotion, but only in the

Figure 6. Grand average ERPs on electrode Pz in response to angry, happy, and neutral faces when

identifying the colour or the emotion of the facial expression.
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emotion and not in the colour identification task, Task�Emotion,

F(2, 96)�5.27, p�.007, o�.98 (compare Figure 6). All groups showed

larger positivities for neutral than angry, p�.01, and for neutral than happy

faces, p�.003. LPP was larger over central than right or left sites, main

effect of Laterality, F(2, 96)�30.74, p�.0005, o�.97. This effect was more

pronounced in the emotion than in the colour identification task, Task�
Laterality, F(2, 96)�12.21, p�.0005, o�.94. Finally, a significant interac-

tion of Emotion�Task�Laterality, F(4, 192)�2.69, p�.04, o�.87, but no

significant influence of group was observed.

DISCUSSION

This study did not find evidence of abnormalities in the processing of

schematic angry faces in individuals with social phobia: Results neither

reveal an emotional Stroop interference in social phobic individuals when

subjects were requested to identify the colour of angry schematic faces, nor a

faster identification of angry schematic faces than the control groups. In

addition, social phobic subjects did not show abnormalities in heart rates or

ERPs when processing angry schematic faces. Yet, individuals with social

phobia differed from the control group in that they rated all schematic faces,

in particular angry faces, as more arousing than control subjects. Further-

more, social phobics showed generally larger P1 amplitudes than controls.

However, P1 amplitudes of social phobics and spider phobics did not differ

from one another, suggesting that large P1 amplitudes in response to

emotional faces might represent a general pattern of phobic subjects

processing emotional faces, rather than being only a peculiarity of social

phobics.

A second important result of the study was that no evidence for a general

threat advantage was observed. Schematic angry faces were not identified

significantly faster than happy or neutral faces. Instead, neutral schematic

faces were identified faster than emotional schematic face, which corre-

sponded well with the larger LPP amplitudes to neutral than to emotional

faces in the emotion identification task. Furthermore, all groups showed an

emotional modulation of the N170, which was even more pronounced in the

emotion than in the colour identification task: Angry faces elicited largest

and neutral faces smallest N170 amplitudes, with happy faces in between.

Behavioural data

Absence of emotional Stroop interference. In contrast to previous studies

using social threat words (Becker et al., 2001; Hope et al., 1990; Lundh &

Öst, 1996; Maidenberg et al., 1996; Mattia et al., 1993; Spector et al., 2003)

the present study found no emotional Stroop interference in social phobic
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individuals when subjects were requested to colour-name angry faces. This

finding is in accordance with a study by Kolassa and Miltner (2006), who

also observed no emotional interference in a modified emotional Stroop

paradigm where subjects had to identify the gender of angry faces in

photographic images. Similarly, two recent studies with spider phobic

subjects also found no Stroop interference when spider phobic subjects

were asked to identify the colour of photographic (Kolassa et al., 2005) or
schematic (Kolassa et al., 2006) pictures of their feared stimulus. As argued

before (Kolassa & Miltner, 2006), it is possible that pictures of angry faces

are not specifically related to the concerns of social phobics, which is in line

with the pilot study revealing only low specificity of angry faces for social

phobic individuals versus other groups in valence and arousal ratings. In

addition, pictures of angry faces*in contrast to social threat words*may

not raise semantic associations to emotional concerns of social phobic

patients (compare Mathews & Klug, 1993), and thus do not cause
interference. Alternatively, it is possible that identifying the colour can be

accomplished by just taking a global view of the stimulus without having to

focus on the specific features of the schematic face.

No threat advantage for angry faces. This study found neither a

facilitated identification of angry facial expression in general, nor for social

phobics in particular, as was originally hypothesised by studies reporting

advantageous processing of negative faces or fear-relevant stimuli as
compared to positive faces or neutral objects, respectively (e.g., Fox et al.,

2000; Hansen & Hansen, 1988; Öhman et al., 2001; Tipples, Atkinson, &

Young, 2002*which however comprised visual search tasks in contrast to

the emotion identification task in the present study). However, we also did

not find a happy face advantage, which was observed in a similar study using

photographic face images (Kolassa & Miltner, 2006), and was also reported

by several other authors (Billings, Harrison, & Alden 1993; Harrison,

Gorelczenko, & Cook, 1990; Hugdahl, Iversen, & Jonsen, 1993; Kaufmann
& Schweinberger, 2004; Kirita & Endo, 1995; Leppänen, Tenhunen, &

Hietanen, 2003; Schweinberger, Baird, Blümler, Kaufmann, & Mohr, 2003;

Stalans & Wedding, 1985; Stanners, Byrd, & Gabriel, 1985).

The faster identification of neutral faces in the emotion identification task

observed in the present study was an unexpected finding and deserves an

explanation. Three explanations are plausible. First, the neutral schematic

face might have been easier to distinguish from the happy and angry

schematic face because the emotional faces shared more similar properties in
terms of diagonality of lines and shape of eyes compared to the neutral face.

In particular, the neutral face’s round eyes may have popped out, leading to

a response time advantage. Second, the neutral face was less complex than

the emotional faces: the eyebrows and the mouth of the neutral face are
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horizontal lines, while the emotional faces have angular lines for eyebrows,

curved mouths, and half circles rather than ellipses for eyes. This has also

been noted in a similar study by Öhman et al. (2001), who observed that the

detection of a deviant target among neutral faces was faster than among

emotional distractors. Third, it is possible that recognising the facial

emotion of a schematic face takes longer and requires different, less

automated, cognitive processes than identifying the emotion of a real face.
For example, the identification of the emotion of a schematic face might be a

more cognitive process of adding up single elementary features in order to

deduce the depicted facial emotion from their configuration. In fact,

participants may have identified the expression by focusing on single facial

features such as eyebrows, mouth, or eyes, because every single one of these

features already conveyed enough information to be able to classify the face’s

expression. Again, in this case, the neutral face may have been easier to

identify than the emotional ones, since it consisted of more horizontally and
less diagonally oriented lines and round eyes. In particular, eye widening

observed in a conspecific is evidence of their increased vigilance, and a

suggestion to the observer that they would do well to adopt a similar state

(Whalen, 1998). If participants mainly focused on the eyes, the wide-eyed

expression in neutral faces might have elicited an angry or fearful expression.

In conclusion, it seems that the use of schematic as compared to real face

pictures makes a difference in terms of study outcome, and thus should be

considered in future studies.

Generally faster responses in spider phobic individuals. An interesting

finding of the present study was that spider phobic individuals responded

generally faster than both other groups, which is in accordance with a

general hypervigilance in phobic patients (compare Eysenck, 1991, 1992,

1997). Lang, McTeague, and Cuthbert (in press) showed that individuals

suffering from specific phobia are most reactive to specific cues in the

environment, e.g., their startle reflex was most pronounced in a startle probe
modulation task involving imagery of social and survival threat. However,

defensive reflexes were diminished with increasing generalised anxiety and

depression, which is assumed to increase along the anxiety disorder

spectrum: specific phobia 0 social phobia 0 panic disorder with

agoraphobia 0 generalised anxiety disorder (Brown, Campbell, Lehman,

Grisham, & Mancil, 2001; Cuthbert et al., 2003; Lang et al., in press),

providing an explanation for the social phobic individuals’ reacting slower

than spider phobic persons. Lang et al. (in press) suggested that generalised
anxiety and stronger depressive symptoms, as observed in the social phobic

persons in the present study, additively attenuate startle potentiation to

imagined threat in anxiety disordered patients. It has been shown that this

reflex pattern is not specific to fear cues that are related to phobics’ clinical
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problems (Cook, Melamed, Cuthbert, McNeil, & Lang, 1988; Cuthbert

et al., 2003).

Heart rates

In contrast to the results observed in individuals with specific phobia in

response to feared stimuli (Fredrikson, 1981, Globisch et al., 1999; Hare &
Blevings, 1975; however see Flykt & Caldara, 2006), this study did not find

an accelerative reaction in social phobic persons in response to angry

schematic faces. This finding is consistent with a recent study by Kolassa and

Miltner (2006), who also did not observe accelerated heart rates in response

to photographic angry faces in social phobic individuals. Similarly, Merck-

elbach, van Hout, van den Hout, & Mersch, (1989) investigated the

processing of angry and happy faces as well as neutral objects in social

phobics and controls and did not find differences between social phobics
and normals with respect to pleasantness ratings, skin conductance response

or eyeblink rate. Furthermore, Vrana and Gross (2004) exposed high and

low speech fearful persons to joyful, angry and neutral face photographs and

found a deceleration in heart rates, which was larger for neutral and angry

than for joyful expressions. Consistent with the present findings, highly

speech fearful individuals did not show a heart rate acceleration in response

to angry faces.

Event related potentials

Enhanced P1 amplitudes in social phobics. The P1 amplitude was not

enlarged for angry faces in individuals with social phobia, but instead was

generally larger in social phobics than in controls, with spider phobic

subjects showing P1 amplitudes in between controls and social phobics.

Since the P1 is thought to be attention-sensitive (see Mangun, 1995, for a

review), the present data may be indicative of a hypervigilance in phobic

subjects (Eysenck, 1991, 1992, 1997), which may have been increased in
persons with social phobia by the performance situation posed by the

experiment. Similar results were already reported by previous ERP (Kolassa

et al., 2006) and fMRI studies (Straube, Mentzel, & Miltner, 2005). In the

latter study, social phobic individuals exhibited increased activation of

extrastriate visual cortex regardless of facial expression, suggesting a state of

alertness or hypervigilance in the visual cortex, which might possibly be

triggered by re-entrant projections from the amygdala to the visual system

that enhance attention and perceptual processing of motivationally relevant
events (Amaral, Price, Pitkanen, & Carmichael, 1992).

Emotional modulation of the N170. The emotional modulation of the

N170 component is in agreement with other recent studies, which reported a
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modulation of the N170 by facial emotion (Caharel et al., 2005; Kolassa &

Miltner, 2006). As already discussed in Kolassa and Miltner (2006), the

reason why some earlier studies did not find an emotional modulation of the

N170 may lie in task differences. In the earlier studies (Eimer &

Holmes, 2002; Holmes et al., 2003; Schupp et al., 2004b), the detection of

the facial emotion was not explicitly task relevant.

However, the current study raises several important questions. Emotional
schematic faces led to larger N170 amplitudes than neutral schematic faces

in the colour identification task. This effect was even more pronounced in

the emotion identification task with angry schematic faces eliciting even

larger N170 amplitudes than happy schematic faces. These findings are in

conflict with findings by Kolassa and Miltner (2006), who reported larger

N170 amplitudes for happy compared to angry faces or neutral faces when

using photographic face images. Complicating things even more, Caharel

et al. (2005) reported larger N170 amplitudes for emotional expressions of
disgust than for neutral or smiling faces. Thus, although it has been

repeatedly found that the N170 is modulated by facial emotion, it remains

unclear which task or stimulus properties are responsible for the different

results of the three studies.

Finally, the present study could not replicate deviations of the N170 when

social phobics process emotional faces, as was found by Kolassa and

Miltner (2006) with photographic face images. Whether this is due to the

schematic face stimuli used remains to be investigated by future studies.

Emotional modulation of parietal late positive potentials (LPPs). The

present study found no abnormalities in late parietal positive potentials in

individuals with social phobia when processing angry schematic faces. This

observation is consistent with an analogous study using photographic face

images (Kolassa & Miltner, 2006). In contrast, in a similar study with spider

phobic individuals, spider fearful subjects showed enlarged LPPs in response

to their feared stimulus (Kolassa et al., 2005). Thus, it seems that angry faces
do not activate the fear network in individuals with social phobia in the same

way as spiders do in spider phobic persons (compare Kolassa et al., 2005;

Miltner et al., 2005).

In contrast to previous studies (e.g., Cuthbert et al., 2000; Keil

et al., 2002; Schupp et al., 2000; Schupp et al., 2003; Schupp et al., 2004b),

this study did not find larger LPPs for emotional compared to neutral

schematic faces. Instead, larger LPP amplitudes for neutral than emotional

schematic faces were observed. However, this finding is in agreement with the
response-time pattern in the emotion identification task: neutral schematic

faces were identified faster than emotional schematic faces. Since the

emotional modulation of the LPP is a well-established finding, this is a

strong argument that the neutral faces somehow popped out in this

1738



experimental design, possibly leading to an oddball effect. In particular, the

round eyes appeared only in one third of the trials, whereas happy and angry

faces shared more similar features. Furthermore, it is possible that our neutral

faces*although rated in the valence and arousal ratings as low arousing and

unpleasant, as one would expect*actually depict threatening faces, given

their staring eyes and the closed mouth with tense lips.

In conclusion, this study allowed three valuable insights: First, it found no
evidence of abnormalities in the processing of angry schematic faces in

individuals with social phobia. Second, it found evidence for a cortical

hypervigilance in social phobia, expressed as generally increased P1

amplitudes to emotional faces, regardless of facial expression. Third, the

direct comparison of the nearly identical studies by Kolassa and Miltner

(2006) using photographic faces and the present study using schematic faces

suggests that schematic faces might lead to different behavioural and

electrophysiological response patterns than real emotional face images.
Thus, schematic faces appear to offer valuable insights on human face

processing, but results from studies using schematic faces should be

generalised to face processing in general only with care.
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